JEuropaisches European Office europeen 

Patentamt Patent Office d s br vets 



Bescheinigung Certificate Attestation // . 



Die angehefteten Unterla- 
gen stimmen mit der 
ursprunglich eingerelchten 
Fassung der auf dem nach- 
sten Blatt bezeichneten 
europaischen Patentanmel- 
dung uberein. 



The attached documents 
are exact copies of the 
European patent application 
described on the following 
page, as originally filed. 



Les documents fixes a 
cette attestation sont 
conformes a la version 
initialenr^ent depos6e de 
la demande de brevet 
europeen specifiee a la 
page suivante. 



Patentanmeldung Nr. Patent application No. Demande de brevet n^ 

02360248.5 



Der Prasident des Europaischen Patentamts; 
Im Auftrag 

For the President of the European Patent. Office 

Le President de I'Office europeen des brevets 
P.O. 




R C van DIjk 




Eur paisches 
Pat ntamt 



Eur p an 
Patent Offic 



Office uropeen 
des brevets 



Anmeldung Nr: 

Application no.: 02360248.5 
[kmande no: 



Anmel detag: 

Date of filing: 30.08.02 
Date de d^pdt: 



Anmel der/Appl 1cant(s)/Demandeur(s): 



ALCATEL 



54, rue la Boetle 
75008 Paris 
FRANCE 



Bezelchnung der Erf Indung/Tl t1 e of the 1nvent1on/T1 tre de 1 'Invention: 
(Falls die Bezelchnung der Erflndung n1cht angegeben 1st, s1ehe Beschrelbung. 
If no title Is shown please refer to the description. 
SI aucun titre n'est 1nd1qu4 se ref erer a la description.) 

Channel power control method in WDM system 

In Anspruch genommene Prlorlat(en) / Priori ty( les) claimed /Prior1t6(s) 
revend1qu6e(s) 

Staat/Tag/Aktenzelchen/State/Date/Flle no./Pays/Date/Num^ro de d^pot: 



Internationale Patentklassif Ikatlon/International Patent Classification/ 
Classification Internationale des brevets: 

H04J14/00 

Am Anmel detag benannte Vertragstaa ten/Contracting states designated at date of 
fUlng/Etats contractants d4s1gn€es lors du d^pot: 

AT BE BG CH CY CZ DE DK EE ES FI FR GB GR IE IT LI LU MC NL PT SE SK TR 



02360248.5 2 
EPA/EPO/OEB Form 1014.2 - 01.2000 7001014 



1 



• • • • 

Channel power control method 
in WDM system 



Technical field of the invention: 

The present invention relates to o Wovelength Division Multiplexing WDM optical 
communication method based on the us© of a plurality of wavelength specific 
channels defining a spectrum for the transmission of optical signals through an 
opticol communication network while said optical signals will hove to be coupled 
at a sender side into a common optical fiber of said network, to be amplified by 
amplifiers along said network. Furthermore, the invention relotes to a WDM opti- 
cal communication apparatus comprising transmitters and at least a multiplexer 
for coupling into a common optical fiber of an optical communication network 
opticol signals to be generated by said transmitters over o plurality of wavelength 
specific channels. 

Background of the invention: 

Optical Amplifiers have been used in optical communication networks based on 
WDM since o long time. It is well-known that Optical Amplifiers (OA) have not a 
uniform spectral gain response, which means that some optical signals at specific 
wovelength ore receiving more gain when going through the amplifier than oth- 
ers. When cascading these non uniformity into an optical communication net- 
work, some channels will be significantly penalized and performance of the opti- 
cal amplifier (amplifier spacing) will have to be reduced to insure proper service 
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qualiiy for detrimental channels. This turn inio additional cost for the .optical 
cornmunlcotlon nelwork. 

Different solutions exist to avoid non-linearity in the fiber, including: i) Ramon 
amplificotion at eoch amplifier stage {improve equivalent optical amplifier noise 

5 figure); ii) Use of targe effective area fibers such TERALIGHT^; LEAF™ or TRUE- 
WAVE™ v^ith moderate chromatic dispersion in the transmission range. Use of 
Raman amplification increase the cost and complexity of amplifiers hence the 
system cost/km/Gbit can become prohibitive. Selection of fiber is possible for 
new installed fibers, hov/ever, since in most tases the fiber and cable has been 

10 installed already, it is not possible to select optimum fiber 

Different techniques have been used to obtain a good wavelength gain uniform- 
ity, including use of gain flattening filters, changing doping profile or host mate- 
rial for the common optical fiber. Gain uniformity can be optimized as low as 
1 dB in the rang© from 1530-1560 nm at nominal input power. However, even if 

15 gain can be flattened, the noise figure of optical omplifier is not homogeneous 
with VBs^peci to the wavelength dependency of transmitted optical signals. Hence, 
after a long chain of optical amplifiers, noise will accumulate in some part of the 
spectrum, and transmitted power of channels in this wavelength range will need 
to be reinforced versus channels transmitted in other part of the spectrum. This 

70 well-known power per channel adjustment process is called ''p^®-®*^phasis" 
(US5,225,922; US5, 790,289), It consists to adjust the local transmitted input 
power of each channels by emphasizing few of them in order to ochievG an uni- 
form Optical to Noise Ratio (OSNR) at the far end receivers between all channels 
(Figl)» However, significant power per channel (P/ch) differences can be seen 

25 along the line, especially at each optical amplifier output. These differences are a 
limitation especially with regard to non-linearity in the fiber. Beyond a given 
power threshold in the fiber^ the penalty on the received side increased rapidly 
with increasing P/ch. Pre-emphasis is also a complex algorithm to be managed 
in a system. It is based on OSNR values measured at the far end terminal which 

30 must be processed to adjust the optical input signal power. Such olgorithm is 
particularly adopted for point to point connection i,e, in trunk or linear optical 
connection. 
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. Pre-emphasis is not that advantageous for metropolitan networks build following 
a ring or meshed architecture with a plurality of nodes. Indeed, further complex- 
it/ need to be accounted for when optical Add-Drop Multiplexer are used at a 
node of thot network since in this case pre-emphasis is required at each add- 

5 drop node. It implies to manage all the different measures of OSNR not only at 
the far end but at all different nodes and to make all that measures available, 
The add of optical signols in o channel at a node will hove to be performed at a 
power defined by the power of optical signals dropped in this chonnel ot the 
same node (see Fig. 2|.This requires a much heavier algorithm - converging one 

10 where longest optical connections channels are pre-emphasized before shortest 
ore processed - which will imply high cost for an optical communication network 
with a plurality of add-drop nodes. 

Furthenmore, pre-emphasis management in WDM system is complex and costly 
because it requires adjustable optical attenuators for each WDM transmitter (and 
15 receivers). Upgrade when adding transported channels may requires that pre- 
emphasis for all channels is calculated again with in some cases traffic interrup- 
tion or degradations on running traffic during the upgrade, 

Summorv of the invention: 

It is an object of the present invention to control the channel power in WDM sys- 
20 tern to limit non-linearity effects in chain of Optical Amplifiers and to drastically 
simplify management of such WDM system. 

According to a first aspect of this invention, this object is attained by applying a 
method for an optical communication network in which the power of optical sig- 
nals per channel at the sender side i,e, near end terminol will be tuned to build 

25 an uniform spectrum throughout said optical network. Advantageously, the 
power of optical signals per channel will be kept constant at specific points of 
said optical communication network to a power reference value for the whole 
used spectrum. In such a way, it will be much easier to odd new optical signals at 
an odd-drop node where before optical signals were dropped. In the case of 

30 already predefined value of said power reference, it will be possible to add said 
optical signals simply at said power reference. In such a way, no information 
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neither of the drop optical signals nor of the situation at the far end^. terminal will 
b@ n96ded. 

According to a second aspect of the present invention, a WDM optical communi- 
cation apparatus comprising transmitters will be used such that said transmitters 

5 are setup to generate the optical signals to be coupled into o common optical 
fiber of the network ot a same power over said plurality of wavelength specific 
channels. Due to the uniform spectrum the amplifiers throughout the network will 
work in an optimized way for all channels when the respective pump of the am- 
plifier will perform in an independenf way any required adaptation. No remote 

10 information will be used for that. 

Further advontageous features of the invention ore defined in the dependent 
cloims and will become opporent from the following description and the draw- 
ings. 

Brief description of the drawings: 

IS An embodiment of the invention will now be explained in more details with refer- 
ence to the accompanying drawings^ in which: 

Fig. 1 is a schematic view of a point to point network occording to stote of 

the art; 

Fig. 2 is a schematic view of an optical communication network manoged 

20 using state of the art pre-emphasizing; 

Fig. 3 is a schematic view of an optical communication network opplylng 

method according to present invention; 

Fig. 4 is a schematic view of an optical communication network with 

nodes applying method according to the present invention; 

25 Fig. 5 is a comparison of power spectrum using state of the art pre-em- 

phosizing and method according to the present invention; 

Fig. 6 is a comparison of the different penalties according to the power 

per channel between state of the art and present invention. 
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. Detoiled description of preferred embodiments: 

On figure 1 is described a state of the ort opticol point io point (or line) network. 
It comprises at its near end terminal a multiplexer 2 for coupling all the optrcol 
signals spreod over different wovelength channels info o common optical fiber 5 

5 of said network and a demultiplexer 3 at its far end terminal. The optical signals 
will be launched applying pre-emphasizing method for the power per channel 
P/ch. The network comprises amplifiers 4, to 4„ regularly spaced and used to 
amplify the optical signals when transmitted through that network. The spectrum 
of the differenf channels is strongly inhomogeneous alreody* after the second 

10 amplifier 4^. If the pre-emphasizing is chosen correctly at the near end terminal, 
the optical signal to noise ratio OSNR will be homogenous i.e. flat at the far end 
terminal 

But this is absolutely unsuitable for an optical communication network V com- 
prising odd-drop nodes 6q, 6b as shown on figure 2. It will be very difficult to 

15 apply a satisfactory odd-drop mechanism at a node 6a, 6b when the optical sig- 
nals are launched at the near end terminol 2 with a pre-emphasized spectrum to 
obtain ot the for end terminal 3 fiat OSNR. Indeed, os discussed above^ the pre- 
emphasizing must be maintained. This implies to hove all the OSNR measure- 
ments at each nodes and at the for end terminal 3 to be able to adopt the power 

20 of the opticol signals to be added in a specific channel at said node 6a, 6b. 

On figure 3 is shown an optical communication network 1 1 driven following the 
method according to the present invention. The optical communicotion network 
1 1 comprises a multiplexer at its near end terminal 12 and a demultiplexer 13 at 
its far end terminal In between are placed regularly on the optical fiber 15 a 

25 plurality of optical amplifiers 14, till 14^. The WDM optical communication 
method according fo the present invention is based on the use of a plurality of 
wavelength specific channels defining the spectrum for the transmission of optical 
signals through said network 1 1 . All the opticol slgnols will have to be coupled at 
o sender side into the common fiber 15 of that network 1, to be amplified by 

30 optical amplifiers 14^ till 14„ along said network 11* The power of the optical 
signals per channel will be tuned at said sender side to build an uniform spec- 
trum throughout said optical communication network 1 1 , Furthermore, said 
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power of ihe optical signals per channels will be kept constant to a power refer- 

ence value for the whole spectrum. This will be performed more particularly at 
specific points of said optica l communication network like at the input or output 
of said amplifiers 14, to 14„, 

5 This power reference volue can be defined independently of a later state of said 
optical communication network. It may be the result of some tests with some op- 
timization. The knowledge of that power reference value allows then on add- 
drop mechanism along said optical communication network without the 
information of the OSNR at the different nodes. On figure 4 is shown such 

10 situation of an optical communication network with several add-drop nodes ^6o, 
16b. It is a typlcol situation for a metropolitan network with a ring or meshed 
architecture. All the optical signals will be launched in different channels at the 
near end terminol 12 and coupled into the common optical fiber 15 of said 
network. The power of the different channels will be tuned to give an uniform 

15 specfrum i.e. no pre-amphasizing will be applied. The drop of optical signals at 
a node 16a will be easier due to the control of the power of its corresponding 
channeL It will always be at the same power to th© recGivor avoiding automatic 
received power adjustment into the dynamic range of the receiver. The same 
argument applies for the add of optical signals into common fiber 15 at o node 

20 16a, Since no pre--emphasizing will be applied^ the optical signals will be tuned 
by the respective pump at the reference power level usually predefined. 

According fo the present invention, the transmitters of the used WDM optical 
communication apporatus for coupling into said common optical fiber all the 
optical signals are setup to generate said optical signals at a same power over 
25 soid plurality of wavelength specific channels* This is performed without any in- 
formation of far end terminal. 

On figure 5 is shown a more detailed comparison of the power spectrum after 
on amplifier of the network when using state of the art pre-emphasizing and 
when applying an uniform - flat - spectrum according to the invention^ It i$ clear 
30 that when using pre-emphasizing, the differences even between neighbor chon- 
nel may be big. In contrary, using on uniform spectrum implies that all channels 
will then propagate with same P/ch at the amplifier output. This allows an accu- 
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rote control of non-linearities and associated penalties on the end to end per- 
fornnances for o network working according to the present invention. This tight 
P/ch control allows to improve the system performances by increasing amplifiers 
output power. It is even possible to chose the power reference in some particular 
5 case possibly depending on the used channels to be close to the non-linear 
threshold. And this improvement will be obtoined without being penalized by 
adverse effects of non-linearities. 

On figure 6 is shown the different penalties per channel in dotted^ in dashed- 
dotted and in full lines respectfvely for the penalty due* to the non-linear effecfs^ 
10 due to the noise coming from the amplifier and the combination of both. When a 
uniform spectrum is used instead of pre-emphasizing then the operating range 
will b© significantly reduced. This has th© advantage to releose some margin 
which can be advantageously used for further transmission of optical signals. 



15 
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1. A WDM optical communication method based on the use of a plurality of 
wavelength specific chonnels defining a spectrum for the transmission of opti- 
col signals through an optical communication network while said optical sig- 
nals will have to be coupled at a sender side into a common optical fiber of 
said network, to b© amplified by optical amplifiers along said network chcas'- 
e€t©jr55:dd S'hot the power of optical signals per channel will be tuned at 
said sender side to build an uniform spectrum throughout said optical com- 
munrcation network. 

2. WDM optical communication method according to claim 1, characterized in, 
that said power of optical signals per channel will be kept constant at specific 
points of said optical communication network to o power reference value for 
the whole used spectrum. 

3. WDM optical communication method according to claim 2, characterized in, 
that said specific points of said optical communicotion network being chosen 
to be said optical amplifiers input or output, 

4. WDM optical communication method according to claim 7, characterized in^ 
thot said power reference value will be predefined independently of a later 
state of said optical communication network. 

5. WDM optical communication method according to claim 7, choraderized in, 
that optical signals will be launched at said reference power value when to be 
added into said common optical fiber at o node of soid optical communica- 
tion network possibly being at one of said specific points. 
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6. A WDM optical communication apparatus comprising transmitters and at 
least a multiplexer for coupling into a common optical fiber of on optical 

communication oeKvork opticol signals to be generoted by sold transmitters 
over a plurality of wavelength specific channels chest'^cJeris^d thcat said 
5 transmitters are setup to generate said optical signols at o some power over 
said plurality of wavelength specific channels. 
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Abstract 

Channef power control method 
in WDM system 



if is described a WDM optical communication method based on the use of a 
pfurolity oi wavelength specific channels defining a spectrum for the transmission 
of optical signals through an optical communication network. These optical sig- 
nals will be coupled at o sender side into a common opticol fiber of said net- 
work, to be amplified by Opticol amplifiers along said network. The power of op- 
tical signals per channel will b© funed at soid sender side to build an uniform - 
flat - spectrum throughout said optical communication network. 



(Figure 4) 
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